Abstract: We address the presently reported significant flavor anomalies in the Kaon and B meson systems such as the CP violating Kaon decay ( / ) and lepton-flavor universality violation in B meson decays (R K ( * ) , R D ( * ) ), by proposing flavorful and chiral vector bosons as the new physics constitution at around TeV scale. The chiral-flavorful vectors (CFVs) are introduced as a 63-plet of the global SU (8) symmetry, identified as the one-family symmetry for left-handed quarks and leptons in the standard model (SM) forming the 8-dimensional vector. Thus the CFVs include massive gluons, vector leptoquarks, and W , Ztype bosons, which are allowed to have flavorful couplings with left-handed quarks and leptons, and flavor-universal couplings to right-handed ones, where the latter arises from mixing with the SM gauge bosons. The flavor texture is assumed to possess a "minimal" structure to be consistent with the current flavor measurements on the K and B systems: thus the current K and B anomalies can simultaneously be interpreted by the presence of CFVs. Remarkably, we find that as long as both of the / and B anomalies persist beyond the SM, the CFVs predict the enhanced K + → π + νν and K L → π 0 νν decay rates compared to the SM values, which will readily be explored by the NA62 and KOTO experiments, and they will also be explored in new resonance searches at the Large Hadron Collider.
Introduction
Flavor physics is one of the most powerful probes for physics beyond the standard model (SM). Recently, some discrepancies with the SM are reported in several observables in Kaon and B meson decays. Among them, one of the flavor changing neutral current observables, the direct CP violation in K → ππ decays, / , has recently been paid a strong attention to because of the significant discrepancy between the SM prediction [1, 2] #1 using the first lattice calculation result reported by RBC-UKQCD collaboration [6] and the experimental data. The SM prediction can be estimated as [2] ( / ) SM = (1.06 ± 5.07) × 10 −4 , which is around 2.8σ below the experimental data [7] [8] [9] [10] , ( / ) exp = (16.6 ± 2.3) × 10 −4 . In addition, the recent data on semi-leptonic B decays also report the discrepancies. Lepton-flavor universality (LFU) violating observables R K ( * ) = Br[B → K ( * ) µ + µ − ]/Br[B → K ( * ) e + e − ] have been measured at around 2.1-2.6σ away from the SM prediction [11, 12] . The discrepancies have been seen also in R D ( * ) = Br[B → D ( * ) τν]/Br[B → D ( * ) ν] (with standing for e or µ) [13] [14] [15] [16] [17] [18] [19] . Those flavor anomalies have nowadays made a fuss and urged theorists to make viable conjectures and interpretations for the flavor structure hidden in a possible new physics (NP).
In this paper, we propose a new conjecture to simultaneously address these flavor anomalies in the Kaon and B meson systems: it is a chiral-flavorful structure characterized by the presence of flavorful and chiral vector bosons (CFVs) as the new physics constitution at around TeV scale. The CFVs are introduced as adjoint representation of SU (8) global symmetry, which is gauged by the left-handed gauges in the SM. Hence the CFVs can be classified into a generic set of vectors; massive gluon G -like, vector leptoquark-like, W and Z -like vectors #2 .
We find the characteristic feature in the present CFV scenario based on the one-family SU (8) symmetry, by which the predictions in flavor physics are derived necessarily with a significant correlation between the 2 ↔ 3 and 1 ↔ 2 generation-transition processes. It is shown that there are allowed parameter regions which can realize both of the discrepancies in / and in R K ( * ) , consistently with the several constraints on the flavor texture we adopt. New sizable enough contributions to / are produced from G and Z -like CFVs via the I = 0 amplitude through the QCD penguin operators and the I = 2 one through the electroweak (EW) penguin operators (with I distinguishing isospin states), respectively, while those to the R K ( * ) arise from the Z -type and vector-leptoquark-type CFVs. Intriguingly enough as well, the CFVs do not give significant effect on the R D ( * ) due to the one-family SU (8) symmetry.
The CFVs turn out to also give the nontrivial predictions to the Kaon rare decays Br[K L → π 0 νν] and Br[K + → π + νν], arising from the Z -type and vector-leptoquarktype exchanges along with the strong correlation with the presence of the R K ( * ) anomaly. These predictions will be explored by the NA62 and KOTO experiments, significantly in the correlation with the fate of B anomalies as well as new-vector resonance searches at the Large Hadron Collider (LHC), to be tested in the future high-luminosity phase.
This paper is structured as follows. In Sec. 2 we introduce the CFV model together with the proposed flavor texture and the couplings to the SM fermions based on the SU (8) symmetry structure. Sec. 3 provides the CFVs contributions to the flavor physics, including #1 The results in the Dual QCD approach are supported by RBC-UKQCD lattice collaboration [3, 4] . On the other hand, the study in the chiral perturbation theory predicts a consistent value with the experimental value [5] .
#2 Such CFVs can be generated as composite particles arising due to an underlying strongly coupled (a hidden QCD) dynamics as proposed in [20] .
the K and B −τ systems, and place the constraints on the model-parameter space, showing that the presently reported K and B anomalies can be simultaneously accounted for by the CFVs. With the current phenomenological bounds at hand, in Sec. 4 we discuss the future prospect for the CFV scenario, aiming at the NA62 and KOTO experiments, in correlation with the fate of the B anomalies in the future. Expected LHC signatures specific to the presence of the CFV resonances are also addressed. Finally, Sec. 5 is devoted to summary and several discussions including the theoretical uncertainties in the present analysis. Explicit coupling formulae for the CFVs to the SM fermions are provided in Appendix A, and effective-four fermion interaction forms relevant to the flavor physics study are given in Appendix B.
Chiral-flavorful vectors
In this section we introduce the CFVs (hereafter symbolically denoted as ρ) and their generic interaction properties for the SM particles.
The flavorful couplings
The CFVs (ρ) couplings to the left-handed fermions in the SM are constructed in the one-family global-SU (8) symmetric way as 
where the SM gauge fields (G µ , W µ , B µ ) for the SU (3) c × SU (2) W × U (1) Y symmetry are embedded in the 8 × 8 matrix form of V µ as 
where ρ QQ , ρ QL (= ρ † LQ ), and ρ LL include color-octet ρ (8) (of "massive gluon G type"), -triplet ρ (3) (of "vector-leptoquark type"), and -singlet ρ (1) ( ) (of "W and/or Z type"), which can further be classified by the weak isospin charges (±, 3 for triplet and 0 for singlet). Thus, decomposing the CFVs with respect to the SM charges, we find 
The flavor-universal couplings induced from vectorlike mixing with the SM gauge bosons
As seen in the above, the one-family global SU (8) symmetry is of course explicitly broken by the SM gauge interactions through the gauging in Eq.(2.2), hence the CFV fields (ρ) generically mix with the SM-gauge boson fields (V). The interaction terms can arise as the form of the kinetic term mixing like
where
The g ρ has been introduced as the mixing strength common for all the SM gauges, as if a remnant of the SU (8) symmetry were reflected, which can be justified when the CFVs are associated with gauge bosons of the spontaneously broken gauge symmetry, as in the case of the hidden-local symmetry approach [21] [22] [23] [24] [25] . The mixing in Eq.(2.6) induces the flavor-universal couplings for the CFVs to both of the left-handed and right-handed quarks/leptons, which scale as
Since the electroweak precision tests have severely constrained the fermion couplings to new resonances, as a safety setup we may take the mixing strength (1/g ρ ) to be much smaller than O(1), say
which turns out to be a consistent size also for the flavor physics bound, as will be seen later. In that case, the mass shift among the CFVs arising from the mixing with the SM gauge bosons can be safely neglected (which is maximally about 5% correction), so that the CFVs are almost degenerated to have the SU (8) invariant mass m ρ , which is set to be of order of TeV. Noting that at the on-shell of the CFVs, the mixing term in Eq.(2.6) gives rise to the mass mixing form, 8) in which the V µ as in Eq.(2.3) couples with the SM fermion currents, one finds the perturbatively small and flavor-universal couplings, as listed in Appendix A (Eq.(A.19)).
The flavor-texture ansatz
Now we introduce the flavored texture for the g ij ρL in Eq.(2.1) so that the present flavor anomalies in K and B meson systems can be addressed. The proposed texture goes like #3 9) in which the hermiticity in the Lagrangian of Eq.(2.1) has been taken into account (i.e. g 21 ρL = (g 12 ρL ) * and (g 33 ρL ) * = g 33 ρL ). The size of the real part for g 12 ρL actually turns out to be constrained severely by the Kaon system measurements such as the indirect CP violation K , and K L → µ + µ − , to be extremely tiny ( O(10 −6 )) (for instance, see Ref. [26] ). In contrast, its imaginary part can be moderately larger, which will account for the presently reported / anomaly (deviated by about 3 sigma [7] [8] [9] [10] ). Hence we will take it to be pure imaginary: 10) by which the new physics contributions will be vanishing for the K and Br[K L → µ + µ − ] (for explicit formulae about those observables, e.g. see Refs. [26, 27] ). The base transformation among the gauge-and flavor-eigenstates can be made by rotating fields as (under the assumption that neutrinos are massless)
In the present study, we will not specify the origin of the flavor texture, though it might be derived by assuming some discrete symmetry among fermions, and so forth.
where U , D and L stand for 3 × 3 unitary matrices and the spinors with the prime symbol denote the fermions in the mass basis, which are specified by the capital Latin indices I and J. The Cabibbo-Kobayashi-Maskawa (CKM) matrix is then given by V CKM ≡ U † D #4 . As in the literature [28] , to address several flavor anomalies recently reported in the measurements such as R K ( * ) and R D ( * ) as well as to avoid severe constraints from flavor-changing neutral current processes among the first and second generations, we may take the mixing structures of D and L as
where we recall that the up-quark mixing matrix is automatically determined through
Contributions to flavor physics induced from CFV exchanges
In this section we shall discuss the flavor physics constraints on the CFV-induced fourfermion contributions. The flavored-heavy CFVs exchanges generate effective four-fermion interactions at low-energy
There the left-handed current-current interactions arise from both the flavorful coupling g ij ρL in Eq.(2.9) and flavor-universal couplings induced by mixing with the SM gauge bosons given in Eq.(A.19), while the right-handed current-current interactions only from the latter ones. Since the right-handed couplings are generated by mixing with the hypercharge gauge boson, having the form like g 2 Y /g ρ which is smaller than the left-handed coupling g 2 W /g ρ , we may neglect the righthanded current interactions and keep only the leading order terms with respect to the gauge coupling expansion in evaluating the flavor physics contributions.
The effective four-fermion operators constructed from the left-handed current-current interactions are listed in Appendix B (Eqs.(B.5)-(B.17)). Hereafter we shall consider a limit where all the CFVs are degenerated to have the SU (8) invariant mass m ρ , #5 The present CFV model-setup is actually similar to the model proposed in Ref. [20] , in which the mixing strength with the SM gauge bosons, set by gs,W,Y /gρ, was assumed to be ideally small (i.e. gρ is much larger than the perturbative value ∼ 4π because of the nonperturbative underlying dynamics). In the present model, the size of gρ is taken to be < 4π, so that the flavor-universal contribution will play somewhat a significant role in discussing the flavor limits, as will be seen in the later subsequent sections.
Flavor changing processes converting the third and second generations
The CFVs generate nonzero flavor-changing neutral-current contributions to the b -s transition system and the lepton flavor violation regarding the third generation charged leptons. Specifically, the relevant processes are:
where n stands for types of the contraction of EW-SU (2) indices shared by fermion fields in dimension-six operators (see Eq.(B.5)). These processes can be evaluated through the effective Hamiltonians for b
2)
3)
where α and G F are the QED fine structure constant and the Fermi constant, respectively; the Wilson coefficients include both of the SM and the NP contributions like C X = C X (SM) + C X (NP); the prime symbol attached on fermion fields stands for the mass eigenstates. As noted above, the CFVs dominantly couple to the left-handed currents, so that approximately enough, we have
Using Eq.(2.11) and Eq.(B.17) in Appendix B, we find the concrete expression for the NP contributions to the Wilson coefficients :
Here, we comment on the renormalization group effects. The chirality-conserving dimension-six semi-leptonic operators (and also fully leptonic operators) take null effects from the QCD running of the Wilson coefficients due to the current conservation (see e.g., [29] ), while we need to take into account of nontrivial QCD-running effects on the fully hadronic ones in our estimation for the bound from the B 0 s -B 0 s mixing, as we will see in Sec. 3.1.5. A short comment on the QED running effects will be provided in the summary section. In doing numerical analyses, for the SM gauge couplings we thus use the values evaluated at two-loop level, computed from the Z-boson mass scale values by running up [10] . In addition, the pole mass of the top quark and the Higgs mass are selected as 173.15 GeV and 125 GeV, respectively, and we refer to Refs. [30] [31] [32] for the form and formalism regarding the two-loop beta functions (also to [33] for the boundary conditions).
3.1.1B → K ( * ) + −
Including the SM contributions, we write the effective Hamiltonian for b → s + − ,
where V tb V * ts = −0.0405 ± 0.0012 [10, 34] , and C SM 9 0.95 and C SM 10 −1.00, which are estimated at the m b scale, (see, e.g., [35] ). The favored region for C whereas the best fit point is −0.61. The quoted numbers have been taken from Ref. [36] (see also [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] ), where all available associated data from LHCb, Belle, ATLAS and CMS were combined, which are also consistent with the current measurement for the (optimized) angular observable, so-called P 5 [12, [48] [49] [50] [51] [52] [53] [54] . NP contributions to b → s + − processes have been discussed in the context of new vector-boson interactions [55-100] and/or vector-leptoquark ones [101] [102] [103] [104] [105] [106] [107] [108] [109] [110] [111] [112] [113] [114] [115] [116] . In our model, those NP contributions takes a hybrid form arising from the Z -type and vector-leptoquarktype CFVs, as noted in Introduction.
3.1.2B → K ( * ) νν
The effective Hamiltonian forB → K ( * ) νν with the SM contribution included is given by
where the SM contribution is C SM L −6.36. The current upper bounds on the branching ratios ofB → K ( * ) νν [117, 118] place constraints on NP contributions [119] , so that at 90% confidence level (C.L.) we find [28] −13
To this decay process, the SM (with three right-handed Dirac neutrinos introduced) predicts so tiny lepton flavor violation highly suppressed by the neutrino mass scale. We may adopt the constraint obtained in [28] from the 90% C.L. upper limit of B(τ → µφ) < 8.4 × 10 −8 [120] , which reads
(3.19)
As in the case of the τ → µφ decay, the SM prediction is negligible in this process. The branching ratio for τ → 3µ decay is then given by
where we checked the form of the branching ratio is consistent with those of Refs. [121, 122] . τ τ represents the mean lifetime of the tau lepton ( 2.9 × 10 −13 s [10] ). The factor 0.94 came from the phase space suppression for the decay [28] . The current upper bound at 90% C.L. is placed to be [123] :
3.1.5 B 0 s -B 0 s mixing: ∆M Bs As noted above, the B 0 s -B 0 s mixing process would involve a bit more delicate deal than other semi-leptonic and fully leptonic decay processes, because nontrivial QCD corrections potentially come in. To this process, the effective Hamiltonian including the SM contribution is written like means the pole mass of the bottom quark and C SM V LL is given as [28, 124] 
with S 0 (x t ) being the Inami-Lim function [125] 
is the MS mass of the top quark, and η 2B (= 0.551) dictates the next-to-leading order (NLO) QCD correction [126] . From the effective Hamiltonian in Eq.(3.22), the mass difference is then evaluated as
We shall first discuss the SM prediction (the first term in Eq.(3.25)). We adopt the recently reported value for the MS-top mass,m t (m t ) = (162.1 ± 1.0) GeV, obtained in the NLO variant of the ABMP16 fit [127] . For the B s mass we take M Bs = 5366.89(19) MeV [10] .
As to the B s -decay constant and the bag parameter, we adopt the FLAG17 result, f Bs B Bs = (274 ± 8) MeV [128, 129] . The relevant CKM factor (V tb V * ts ) 2 = |V tb V * ts | 2 e −2iβs can be simplified to |V tb V * ts | 2 , because of the small complex angle (ϕ ccs s | exp = −2β s = −0.030 ± 0.033 [130] , ϕ ccs s | SM = −0.03704 ± 0.00064 [131, 132] ). Since C bs bs (NP) turns out to be real in the CFV scenario, we can take the limit ϕ ccs s → 0 with good precision. From the particle-data group-fit results for the magnitudes of all nine CKM elements (and the Jarlskog invariant) |V tb | = 0.999105 ± 0.000032 and |V ts | = 0.04133 ± 0.00074 [10] , we find |V tb | · |V ts | 0.0413 ± 0.000739. In evaluating the propagation of errors, we here simply ignored possible correlations between |V tb | and |V ts |, which would be justified for estimating a conservative bound for new physics scenarios addressing the R K * anomaly.
Combining all these values, we thus estimate the SM prediction #6 .
On the other hand, the experimental value is [130] ∆M exp Bs = (17.757 ± 0.021) ps
Looking at the SM prediction in Eq.(3.26), we should note that the theoretical uncertainty most dominantly comes from the input parameters f Bs B Bs , V tb V * ts andm t (m t ), where the errors from the first two quantities are much more dominant than the experimental #6 This estimated number is close to the result reported in [133] , where ∆M uncertainty in Eq.(3.27), while the error form t (m t ) is subdominant compared with the other two, though being still larger than the experimental uncertainty. We next turn to estimation for the NLO-QCD correction to the NP contribution arising by the renormalization group evolution of the C bs bs (NP, at m ρ ) with running down to the m pole b scale. The NLO-QCD running effect on the C bs bs (NP) can be evaluated by following the formalism given in Ref. [134] (see also [135, 136] ) as
(1,1) 1 (= 0.865) and c
(1,1) 1 (= −0.017) [134] . The exact form of the NLO-running QCD coupling [137, 138] We will take into account of this net-NLO factor 0.79 in the later numerical calculations.
3.1.6B → D ( * ) τν
Remarkably, it turns out that the net effect of the charged CFVs on the d → u ν transition is almost vanishing, i.e.,
This is because of the approximate degeneracy for CFVs (Eq.(3.1)) as the consequence of the presence of the (approximate) one-family SU (8) symmetry. Possible contributions arise from the mass difference in the charged CFVs and the V SM -ρ mixing effect, both of which are suppressed (controlled) by the factor g 2 W /g 2 ρ . In fact, for g ρ = O(10) as in Eq.(2.7) these contributions on R D ( * ) do not exceed 5% and thus it is not sufficient to account for O(10%) deviations between the present data and the SM predictions in the ratios.
Generically, one could introduce extra interactions which would yield a sizable breaking effect for the SU (8) degeneracy. Nevertheless, as a minimal setup we will not consider such extra terms in the present study, so as to keep the approximate SU (8) symmetry in Eq.(3.1) and hence the vanishing contribution to R D ( * ) .
At Belle II, we may have potential to examine R D ( * ) with a few % accuracy. Thus, if the discrepancy is reduced to a few % in future observation at Belle II, it may point to the contributions from such small effects. See Eq.(B.17) in Appendix B for explicit expression on C IJ V (NP).
B − τ system constraint
The CFV contributions to the 2 ↔ 3 transitions described as above are controlled by five parameters: . The 90% C.L. upper limit on the branching ratio has been taken from Eq.(3.21). The shaded region is allowed at the 90% C.L. read off from Eq.(3.21). a reference point, we take m ρ = 1 TeV and g ρ = 8, which will turn out to be consistent with the K system bound later, and survey the allowed parameter region for the remaining couplings.
fixed for m ρ = 1 TeV and g ρ = 8. The current R K ( * ) anomaly can be explained in the thick-blue region at the 2σ level, while the cyan-shaded area represents the consistent region with the current 90% C.L. upper limit of Br[τ Fig. 1 ). The gray-hatched region is out of the 2σ-favored area for ∆M Bs (see Fig. 2 ). Bs . This can be thought to be conservative because of the currently present deviation 1σ, as captured from Eqs. (3.26) and (3.27) . In total, the favored parameter space in the plane (g 33 ρL , θ L ) with θ D /π = 2×10 −3 fixed #8 is drawn in Fig. 3 , where the overlapped domain (thick-blue and cyan regions) satisfies the 2σ range for C Fig. 3 is out of the 2σ-favored region for ∆M Bs , which suggests that the favored region is limited to a muon-philic scenario with θ L ∼ π/2. Other constraints from B → K ( * ) νν and τ → µφ are satisfied fully in the focused region.
#8 The larger θD case will be disfavored by the presence of the R K ( * ) anomaly.
Flavor changing processes converting the second and first generations
We next move on to the flavor constraints on the CFVs coming from the K system. Looking at the flavor texture introduced in Sec. 2.3, we find that the NP contributions to the s − d transition observables, / , K → πνν and K 0 -K 0 mixing (∆M K ) are possibly generated. As discussed in the previous section, we first note that the down-sector rotation angle θ D is severely constrained by B observables, most stringently by B 0 s -B 0 s mixing, to be almost vanishing,
(but should be finite to address B anomalies like b → sµ + µ − ), while the lepton angle θ L has to be
In discussing the K system, we shall take these conditions to survey the allowed parameter space for the CFVs.
K → ππ
NP effects on the K → ππ process have extensively been investigated in various context of scenarios beyond the SM [140] [141] [142] [143] [144] [145] [146] [147] [148] [149] [150] [151] [152] [153] [154] . To this process, in terms of effective operators, the contributions can be classified into i .19) ). We thus find the relevant induced four-fermion operators like
where the operator notation follows Refs. [1, 26] [() V ±A being defined as (q γ µ (1 ± γ 5 )q ); γ µ being suppressed in the above list], and a, b stand for the color indices (with repeated ones being summed). The Wilson coefficients C 1-10 are read off from Eq.(B.17) in Appendix B, which are interpreted as the ones evaluated at the CFV mass scale m ρ :
where Y q (= 1/6) represents the weak hypercharge of the quark doublet. The K 0 → π 0 π 0 /π + π − amplitudes, decomposed into the distinguished isospin states (I = 0, 2) in the final state, are evaluated through the effective Hamiltonian as
where µ represents a reference scale of the phenomenon. In later numerical calculations, we put the values of the two-loop running couplings for / . The CFV contributions to the direct CP violation in the K → ππ processes are evaluated at the NLO perturbation in QCD and QED coupling expansions as [2] 
where [155] , and ω + | SM ≡ a ReA 2 | SM /ReA 0 | SM = 4.53 × 10 −2 [1, 156] . The coefficients Q (µ) T Û (µ, m ρ ), which denote the evolution of the hadronic matrix elements from the scale µ to the NP scale m ρ , are given in Ref. [2] , where Q (µ) T is defined as
The vector forms Q(µ) T I (I = 0, 2) are defined from Q j (µ) I like C(m ρ ) #9 . The factors for the isospin breaking correction are described in the matrix form,
(3.38)
Here the scale µ is set to be 1.3 GeV. In the LO analysis where C 5 (m ρ ), C 6 (m ρ ) and C 7 (m ρ ) bring main effects on C 6 (m c ) and C 8 (m c ), we found that the contributions from QCD penguin Q 6 dominates in the / , and the EW penguin Q 8 term yields about 60% contribution of them. Actually, leptoquark-type CFVs (ρ 0,α (3) ) would also contribute to the / at the oneloop level as discussed in Ref. [150] . However, in contrast to the literature, this kind of contributions are highly suppressed by a tiny θ D in the present third-generation-philic scenario required by the constraint from the B meson system, specifically from the B 0 s −B 0 s mixing (Eq.(3.31)). This difference manifests the characteristic feature in the present CFV scenario based on the one-family SU (8) symmetry, by which the predictions in flavor physics are derived necessarily with a significant correlation between the 2 ↔ 3 and 1 ↔ 2 transition processes, as will be more clearly seen later.
K
To these processes, the CFVs give contributions from the color-singlet Z -like (ρ 3 (1) , ρ 0 (1) ) and the color-triplet vector leptoquark-like (ρ #9 The values of Q(µ) T I and the form ofÛ (µ, mρ) are available in [2] . #10 A similar leptoquark scenario for addressing K → πνν based on the third-generation-philic texture in light of the R K ( * ) anomaly has been discussed in Ref. [157] where scalar leptoquarks at one-loop level play the game.
The branching ratios Br[K + → π + νν] and Br[K L → π 0 νν] are computed as [26, 158] 
with g l=e,τ = 0 and g l=µ = g 33 ρL (see Eq.(3.39)), in which we have quoted the values of SM predictions from Ref. [146] using the CKMFITTER result for the CKM elements.
The CFV contributions to the ∆M K , dominated by the flavored left-handed coupling g 12 ρL , are evaluated through the effective four-fermion interaction term (see Eq.(B.17) in Appendix B)
This NP term contributes to ∆M NP K as (e.g. see Refs. [26, 159] )
with the experimental values [10] m K = 0.497614 GeV, F K = 0.1561 GeV, andB K 0.764, η 2 0.5765 andr 1. We may roughly neglect the small renormalization group evolution for the Wilson coefficient C V LL NP from m ρ scale down to µ (= 1.3 GeV) in Eq.(3.43), i.e., taking C V LL NP (m ρ ) C V LL NP (µ), because the ∆M K inevitably involves large theoretical uncertainties coming from long-distance contributions and the coefficient C V LL NP cannot get drastic corrections such as a significant amplification for the isospin breaking effect during the running down, in contrast to the / . More on the uncertainties for the ∆M K will be discussed in Sec. 5. 
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Constraints from Kaon system
From Eqs.(3.36), (3.41) and (3.43), we place the Kaon system limits on the CFV couplings (g 33 ρL ) and (g 12 ρL ) with g ρ chosen to be ∼ 10 and m ρ fixed to be on the order of O(TeV). As to the K + → π + νν we allow the model parameters in the 2σ range for the experimentally observed values [160] :
for the K L → π 0 νν we adopt the 90% C.L. upper bound at present [161] ,
Regarding the NP contribution to / , we take the 1σ, 1.5σ, and 2σ ranges for the difference between the experimental value and the SM prediction (( / ) NP ≡ ( / ) exp − ( / ) SM ), as done in Ref. [146] (for the 1σ range),
For the ∆M K in Eq.(3.43), as was prescribed in Ref.
[146], we may derive the limit simply by allowing the NP effect to come within the 2σ uncertainty of the current measurement (∆M exp K = (3.484 ± 0.006) × 10 −15 GeV [10] ), such as First, we constrain the model parameter space by the current bound on ∆M K in Eq.(3.47) and / in Eq.(3.46), which is shown in Fig. 4 #11 . The figure implies that as long as the g ρ takes the value in a range such as in Eq.(2.7), g ρ ∼ 10, the CFV mass m ρ is severely bounded to be around ∼ 1 TeV, which is actually consistent with the B − τ system analysis described in the previous subsection. To address the discrepancy in / satisfying the constraint from ∆M K , the following conditions for g 12 ρL are required: the sign of g 12 ρL should be negative to enhance / , and the magnitude of g 12 ρL is constrained to be at around of O(10 −3 ).
Taking into account all the CFVs contributions to the K system, in Fig. 5 we show #11 Though the coefficient vector Q (µ) T Û (µ, mρ) in Eq.(3.36) is scale dependent, we have checked the dependence on the NP scale (mρ) [162] is negligibly small enough among the focused range, compared to the required accuracy for the / of O(10 −3 ).
the constraints on the coupling space (g 12 ρL , g 33 ρL ) for m ρ = 1 TeV, g ρ = 8, θ L /π = 1/2 and θ D /π = (2 or 1.5) × 10 −3 as benchmarks. Asymmetries for the K + → π + νν (denoted in green) and the K L → π 0 νν (in cyan) regarding the sign of the coupling g 33 ρL have been somewhat generated due to the flavor-universal coupling (1/g ρ ) term in Eq.(3.41). Interestingly enough, those Kaon decay rates have strong dependencies on the g 33 ρL , where the pairs of neutrinos in the two processes are inclusively summed up, hence are significantly constrained by the B − τ system (horizontal lines in orange, in the figure), particularly, from the ∆M Bs (placing the upper bound on the magnitude of g 33 ρL at θ L π/2) and the consistency with the R K ( * ) (setting the lower bound). This is the characteristic consequence derived from the present CFV scenario based on the one-family SU (8) symmetry. Overall Fig. 5 tells us that there exist the parameter spaces for the present CFV scenario to simultaneously account for the two anomalies in R K ( * ) and / within 2σ or 1σ C.L.
Future prospects

NA62 and KOTO experiments
The CFVs predict the deviation from the SM for the Br[K + → π + νν] and Br[K L → π 0 νν], which can be tested in the upcoming data from the NA62 experiment at CERN [163] and KOTO experiment at J-PARC [164] . The SM predictions are read off, say, from Ref. [146] , as Br[
Remarkable to note is that as long as the B anomalies persist beyond the SM, the CFVs necessarily give the larger values for those branching ratios than the SM predictions. In correlation with the B anomalies, the size of the deviations for the K + and K L decay rates significantly depends on the flavorful coupling g 33 ρL as seen from Fig 5. Suppose that the B anomalies will go away in the future. In that case, the upper bound on the g 33 ρL will not be placed, so we then expect from the formula in Eq.(3.41) that by adjusting the couplings g 12 ρL and g 33 ρL , the CFV contributions to the K + → π + νν decay can be vanishing or even make the branching ratio slightly smaller than the SM prediction. According to the literature [163] , by the end of 2018 the NA62 experiment will measure the K + → π + νν with about 10% accuracy of the SM prediction, while the Belle II experiment is expected to measure the deviation on the R K ( * ) at about 3% level with ∼ 10 ab −1 data up until 2021 [165] . (The current accuracy for the δR
is at least about 30% − 40% [11, 12] .) The KOTO experiment also plans to report new results on the data analysis on the K L → π 0 νν in the near future, to be expected to reach the level of ∼ 10 −9 for the branching ratio, corresponding to 2015 -2018 data taking [166] . The CFV scenario will therefore be very soon tested first by the NA62 and KOTO, which will constrain the size of the flavorful coupling g 33 ρL and the allowed deviation for the R K ( * ) , and then will be confirmed or excluded by the upcoming Belle II data.
Assuming that the B anomalies persist in the future, in 
LHC searches
Since the CFVs having the mass of around 1 TeV couple to the SM fermions in the flavorful form as well as in the flavor-universal form, they can potentially have a large enough sensitivity to be detected also at the LHC. As has been discussed so far, the flavor-physics analysis implies a muon-philic structure [θ L ∼ π/2 in Eq.(3.32)] and the CFVs are allowed to couple to the u and d quarks through the mixing with the SM gauge bosons [see Eq.(A.19)], so the most dominant discovery channel will be a resonant dimuon process pp → CFVs → µ + µ − , in which the neutral CFVs mixing with the EW gauge bosons (i.e. ρ 3
(1) and ρ 0 (1) ) are generated by uū and dd via Drell-Yan process #12 . In Fig. 7 we show the dimuon production cross section at 13 TeV for a viable parameter space with m ρ = 1 TeV, g ρ = 8, g 33 ρL = 0.5 (and
It is seen from the figure that the present scenario, in which the CFVs are allowed to couple only to the SM fermions, seems to have a strong tension with the current dimuon data (solid red line) provided by the ATLAS group [167] (see the black-dot point 114 fb at Γ add /m ρ = 0).
Assuming a possible extension from the simplest setup and incorporating an additional width (other than the widths for SM fermions decays) into the CFV propagators, we may vary the extra width term to control the dimuon cross section (see e.g., [73, 80, 99, 100] ). Such an additional width would be present when the CFV can dominantly couple to a hidden dark sector including a dark matter candidate, or a pionic sector realized as in a hidden QCD with a setup similar to the present CFV content [20] . In a hidden QCD embedding, for instance, the additional width almost fully saturated by the decay channel to hidden pion pairs would be expected like Γ/m ρ ∼ |g ρ | 2 /(48π) 0.2(0.4) for g ρ = 6(8), based on a simple scaling from the QCD case (up to possible group factors depending on the number of hidden-sector flavors).
The additional effect is monitored also in Fig. 7 , where the extra width (denoted by Γ add ) is assumed to be in common for the target ρ 3
(1) and ρ 0 (1) and is normalized to their common mass m ρ . The figure shows that the CFVs with Γ add /m ρ 30% can survive for the current dimuon bound. (The dimuon widths for ρ 3 (1) and ρ 0 (1) are 1.75 GeV and 1.39 GeV for (g 33 ρL , g ρ ) = (0. 5, 8) , so the total widths are indeed dominated by the extra sector.) The size of the additional width can be explored up to around 60% at the LHC with L = 120 fb −1 and will be further done in the phase of a high-luminosity LHC with #12 Actually, the bottom quark pair can also produce the neutral CFVs via the third-generation-philic coupling g 33 ρL , though would be small due to the small bottom luminosity inside proton. We have checked that this pp → bb →CFVs production is slightly subdominant to be by about a few factor smaller than the pp → uū/dd → CFVs production, even for the suppressed (g 2 s,W,Y /gρ) coupling. Even with inclusion of the bb →CFVs production, however, our discussion on the LHC searches would not substantially be altered, as will be manifested in Fig. 7 . • The LHC cross section has been computed by implementing the CTEQ6L1 parton distribution function (PDF) [168] in Mathematica with the help of a PDF parser package, ManeParse 2.0 [169] , and setting τ 0 ≡ 4m 2 threshold /s = 10 −6 as the minimal value of the Bjorken x in the CTEQ6L1 PDF set, where the PDF scale is set to m ρ . The CUBA package [170] has been utilized for numerical integrations. L = 600 fb −1 , which would constrain modeling of a concrete CFV scenario with the CFVs coupled to a hidden sector.
Summary and discussion
In this paper, we have proposed flavorful and chiral vector bosons as the new physics constitution at around TeV scale, to address the presently reported significant flavor anomalies in the Kaon and B meson systems such as the CP violating Kaon decay / and leptonflavor violating B meson decays. We have introduced the chiral-flavorful vectors (CFVs) as a 63-plet of the global SU (8) symmetry, identified as the one-family symmetry for lefthanded quarks and leptons in the standard model (SM) forming the 8-dimensional vector. Thus the CFVs include massive gluons (of G type), vector leptoquarks, and W , Z -type bosons, which are allowed to have flavorful couplings with left-handed quarks and leptons, and flavor-universal couplings to right-handed ones, where the latter arises from mixing with the SM gauge bosons. The characteristic feature in the present CFV scenario based on the one-family SU (8) symmetry is seen in the predictions derived necessarily with a significant correlation between the 2 ↔ 3 and 1 ↔ 2 transition processes, while the next-to nearest-generation transitions like 1 ↔ 3 processes turn out to be highly suppressed in a correlation with the 1 ↔ 2 transition constraints in the K system: based on the proposed flavor texture the current K and B anomalies can simultaneously be interpreted by the presence of CFVs. Remarkably, we found that as long as both the / and the R K ( * ) anomalies persist beyond the SM, the CFVs predict the enhanced K + → π + νν and K L → π 0 νν decay rates compared to the SM values, which will readily be explored by the NA62 and KOTO experiments, and would also be explored in the dimuon resonant channel at the LHC with a higher luminosity. In closing, we shall give several comments:
• Since (some of) the CFVs can mix with the SM gauge bosons at tree level, one might think that the present scenario gets severely constrained by the EW precision tests, as well as the flavor observables and direct searches at LHC, as has so far been discussed. However, it turns out to be not the case for the CFV model which is due to the vectorlike gauging and the formulation based the hidden local symmetry approach [21] [22] [23] [24] [25] : as was discussed in [20] where the mixing with the SM gauge boson has been determined by the hidden gauge symmetry structure in the same way as in the present CFV model, the EW precision test constraints, which mainly come from the flavor-dependent Z-mass shell observables (such as forward-backward asymmetries for charged leptons and Z →bb decay), would place the bound for the flavorful coupling g 33 ρL at 95% C.L. [20] , −0.72 ×
with the third-generation philic and the second-generation philic textures assumed for quarks and leptons, respectively. This bound is easily fulfilled in a typical benchmark such as m ρ = 1 TeV, g 33 ρL = +0.5, and g ρ = 8. Though the tree-level contributions are somewhat insignificant, EW renormalization group effects on the semi-leptonic current operators could give non-negligible corrections to the W and Z boson currents at the NLO level (referred to as EW-NLO below, in short), hence could be severely constrained by the EW precision measurements and lepton-flavor violating observables [171, 172] (see also [107, 112, 115, 173] ). Of interest is first to note the almost complete cancellation in the SU (2)-triplet(-contracted) semi-leptonic operators as the consequence of the SU (8)-one family symmetry structure, leading to null correction to the W -boson current from such EW-NLO effects. On the other hand, EW-NLO corrections to the Z-boson currents can be induced to give rise to nontrivial shifts for vector/axial-vector Z-couplings to the lepton (v /a ) and for the number of (active) neutrinos from the invisible Z decay width (N ν ). Following the formulation in [171, 172] and taking the benchmark-parameter set in the above (with the favored mixing structure θ D ∼ 0 and θ L ∼ π/2 taken into account), we estimate the shifts for those couplings to find
. which are (maximally by one order of magnitude) small enough and totally safe when compared with the current bounds [10] v µ /v e | exp = 0.961(61), a µ /a e | exp = 1.0002(13), and N ν | exp = 2.9840 ± 0.0082. This is actually mainly due to the almost vanishing con-tributions from the SU (2)-triplet(-contracted) semi-leptonic operators: if they were sizable, the shifts would get as large as the current accuracies for the v µ /v e , a µ /a e and N ν , to have a strong tension with the B anomalies, as emphasized in [171, 172] .
Besides those potentially nontrivial NLO corrections as above, similar effects on flavor-dependent Z-pole observables could arise from renomalization evolutions for fully quarkonic and leptonic operators, which is to be pursued elsewhere.
• As discussed recently in Ref. [174] , flavorful couplings for vector leptoquarks and W /Z -type vectors such as those in the present CFV model are potentially sensitive also to the LFU of Υ(nS) (n = 1, 2, 3) decays, when those couplings are large enough to account for the B anomalies. Note that in the present CFV model both semileptonic and fully-leptonic decay processes for b are controlled by the same Wilson coefficient of type C [1] qqll (see Eq (B.17) and recall the consequence of the approximate SU (8) invariance leading to C 11) ). Hence the bound on the CFV contribution can roughly be translated in terms of a isotriplet-vector leptoquark scenario when we talk about the correlated limit from the LFU of Υ(nS) decays and the B anomalies (by roughly saying that the sensitivities to the flavorful coupling are the same for the R D ( * ) , which was taken into account in Ref. [174] , and the R K ( * ) , which has been addressed in the present model).
In fact, just following the formulae available in Ref. [174] , we have explicitly evaluated the CFVs contributions to the LFU of Υ(1S, 2S, 3S) decays, characterized by the ratio of the decay rates, R (0.992, 0.994, 0.994), in accord with the numbers estimated in the reference. With the SM predictions subtracted, the numbers actually turn out to be smaller than the current 1σ uncertainties in experiments [175, 176] . Thus, the CFVs are at present fairly insensitive to the LFU of Υ(nS) decays, which would possibly be explored in Belle II experiment.
• For the ∆M K in Eq.(3.43), we could quantify the NP effect for the deviation from the SM by adopting the recent lattice result on the SM prediction [177] , ∆M SM K | lattice = (3.19 ± 1.04) × 10 −15 GeV, which includes significant long distance contributions,
GeV, by which the 2σ allowed range is found to be −1.79 × 10 −15 GeV ≤ ∆M NP K | 2σ ≤ 2.37 × 10 −15 GeV. With this bound used, which gets to be more shrunk than that we have adopted in the present analysis, the NP contribution of ( / ) NP would be necessary to be allowed up to 1.5σ range, to be consistent with the ∆M K , while the predicted values for the rare K-semi-leptonic decays would not be substantially affected in magnitude. Improvement on the accuracy for lattice estimates on the form factors B 1/2 6 and B 3/2 8 , crucial for the SM prediction to / , would give a more definite constraint on the present CFV scenario, in correlation with the fate of B anomalies.
• In addition to the single-neutral CFV (ρ 3
(1) and ρ 0 (1) ) production at LHC as has been discussed so far, one might think that the vector-leptoquark pair (ρ α,0 (3) ) production would also severely be constrained by the LHC searches. However, it would not be the case: when the CFV model is formulated based on the hidden local symmetry approach [21] [22] [23] [24] [25] , the gluon-gluon fusion coupling to the vector leptoquark pair, which has been severely constrained by the null-results at the LHC, can be set to be suppressed as discussed in [20] with a similar model-setup for the vector bosons. Instead of such a direct coupling, the color-octet CFV (ρ 0 (8) ) exchange would then dominate to couple the gluon to the vector-leptoquarks (so-called "vector meson dominance"), so that the effective vertex goes like a form factor ∼ m 2 ρ /(m 2 ρ −ŝ), wherê s denotes the square of the transfer momentum. Because of the almost degenerate mass structure for CFVs supported by the SU (8) symmetry, the on-shell production for the leptoquark pair through the ρ 0 (8) exchange is kinematically forbidden, hence only the off-shell production is allowed to be highly suppressed by the form factor structure for a high energy event at LHC, like ∼ m 2 ρ /ŝ. A similar argument is also applicable to the Drell-Yan process (qq → ρ (3)ρ(3) along with the similar form factor structure). Thus, the presently placed bound on the vector leptoquark pair production is not directly applicable to the CFVs detection (even if the vector-leptoquarks sub-dominantly decay to quarks and leptons due to a presence of some hidden sector). It would need other event topologies to detect the CFV-leptoquarks with the characteristic final state reflecting the second-generation-and third-generion-philic properties for leptons and quarks, respectively, #13 which would be accessible in a high-luminosity LHC through a single production process [179] with tagging muons, instead of tau leptons.
The CFVs are embedded in the adjoint representation of the SU (8) flavor symmetry, which are defined as
with the SU (8) generators,
where τ α = σ α /2 (σ α : Pauli matrices), λ a and e c represent the Gell-Mann matrices and three-dimensional unit vectors in color space, respectively, and the generator T A is normalized as tr[T A T B ] = δ AB /2. For color-triplet components (leptoquarks), we define the following eigenforms which discriminate 3 and3 states of the SU (3) c gauge group,
As in the text, the CFV fields (ρ) can be expressed by a couple of sub-block matrices as
where the entries are read off from the above decomposition form as
We reintroduce the above form for convenience, which appeared as Eq. 
for color-singlet charged (W type) CFVs (ρ
for color-triplet (vector-leptoquark type) CFVs (ρ ±,3,0 (3) ): 
• Indirect couplings induced from mixing with the SM gauge bosons:
Coupling Eq.(2.8) to the SM fermions via the SM gauge boson exchanges with the square of the transfer momentum q 2 = m 2 ρ taken, we may evaluate the CFV-on-shell couplings to the SM fermions:
where we have neglected terms suppressed by a factor of O(m W/Z /m ρ ) 2 . Here we suppress the generation indices (in the gauge eigenbases) for simplicity since they are manifestly generation independent. Also, the doublet-like notations are introduced for clarity; q R ≡ (u R , d R ) T and l R ≡ (ν R , e R ) T .
B Effective four-fermion operators induced from CFV exchanges
In this Appendix we derive effective four-fermion operators induced from the CFVs exchanges, relevant to discussing the flavor physics contributions.
Integrating out the CFVs coupled to the SM fermions with the g ij ρL in Eq.(2.1) together with Eq.(2.5) (or Eq.(A.5)) generate the following four-fermion operators at the mass scales of CFVs
with T a ≡ λ a /2. Here, ∆ ik;jl is a combinatorics factor, which satisfies ∆ ik;jl = ∆ ki;jl = ∆ ik;lj = ∆ ki;lj = 1/2 for i = k and j = l, 
